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VALER6.001C1 PATENT 

METHOD FOR MANUFACTURING A SINGLE 
HIGH-TEMPERATURE FUEL CELL AND ITS COMPONENTS 



[0001] This application is a continuation application of US patent application 
number 09/308,013, filed May 11, 1999 which is a U.S. national phase under 35 U.S.C. § 
371 of International Application No. PCT/RU97/00159, filed May 23, 1997, which claims 
priority to Russian application RU 96/00319, filed November 11, 1996. 

Field of the Invention 

[0002] This invention relates generally to the field of direct conversion of 
chemical energy into electrical power, and more particularly, to high-temperature 
electrochemical devices (HTECD) with solid oxide electrolytes (SOE) which may be used for 
manufacturing high-temperature fuel cells (HTFC) components thereof. 

Background of the Invention 

[0003] High-temperature fuel cells are currently among the most promising 
sources of electrical power both in mobile systems and stationary high-power electric 
stations. Additionally, HTFCs are being considered as an alternative to nuclear power. 

[0004] One important feature of HTFCs is the ability for the direct conversion of 
the chemical energy stored in several fuel types into electric energy. Due to this direct 
conversion, the HTFC cycle does not fall under Carnot cycle limitations, and thus it is 
theoretically possible to achieve a cycle efficiency of up to 80%. Currently, some 
experimental specimens have achieved an efficiency of 50%, and efficiency values of up to 
65-70% are anticipated in the near future. Moreover, when compared with conventional 
methods for generating electricity, fuel cells have a number of other advantages including: 
design modularity, high efficiency under partial electrical load, the possibility for the 
combined generation of electric and thermal energy, several orders lower contaminant 
product output than current widely used energy sources, and an absence of moving parts and 
units. 

[0005] Recently, much research and development has been under way in the area 
of the internationally classified high-temperature solid oxide fuel cells (SOFC). SOFCs have 



a number of apparent advantages over other fuel cell types. These advantages may include: 
usage of cheap oxide materials for the electrodes, absence of liquid circulation i.e. a solid 
electrolyte, and the absence of liquids within the fuel cells. The utilization of solid oxide 
electrolyte in ceramic fuel cells eliminates the need for monitoring the electrolyte and 
excludes material corrosion problems normally incurred from the use of a liquid electrolyte. 
Conventional ceramic fuel cells operate at high temperatures (over 600°C). It is desirable for 
fuel cells to operate at high working temperatures, the elevated temperature increases the 
reaction rate, allowing the cell to convert a hydrocarbon fuel within the cell into energy 
(internal reforming) and to generate high-potential heat suitable for regeneration and 
utilization in the main cycle. Thus, power plants based on certain ceramic fuel cells can be 
simple and more effective than many other known techniques of producing electrical and 
thermal energy. Moreover, since all components of the HTFCs are in a solid state, the 
ceramic fuel cells, for example, can be formed into ultra-thin layers, and the cell's elements 
can be shaped into unique forms unachievable in liquid electrolyte fuel cell systems. 

[0006] On the other hand, the ceramic fuel cells place increased requirements on 
the materials and techniques used in manufacturing their components. Production of ceramic 
powders and the development of methods for forming ceramic powders play key roles in the 
technology of ceramic fuel cells. 

[0007] The main components of the ceramic fuel cell are the electrolyte, the 
anode, the cathode, and the current passage. Within the fuel cell each component performs 
several functions and has to meet certain requirements including: feature stability (chemical, 
phase, structural and dimensional) in oxidizing and/or restorative media, a chemical 
compatibility with other components, and a proper conductivity. Additionally, the 
components of ceramic fuel cells must have similar thermal expansion coefficients in order to 
eliminate peeling and destruction during the manufacturing process and in operation. The 
electrolyte and the current passage must be sufficiently dense in order to prevent the mixing 
of gases in the anode and cathode spaces, while the anode and the cathode must be porous 
enough to provide gas transport to the reaction location and to facilitate the removal of the 
reaction products. 
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[0008] In addition to the above mentioned requirements, the cell components 
must possess a high strength and resistivity while enabling the possibility for a simple and 
cheap method for cell manufacture. Moreover, methods for manufacturing the components 
of ceramic fuel cells must be compatible, because cell manufacturing conditions cannot be 
divided and independent for each component. For example, if the components are 
manufactured and joined one by one, then the caking temperature of each subsequent 
component must be equal to or lower that of the caking temperature of the previous 
component, in order to avoid a change in the microstructure of the previous component. If 
the components are formed in raw form, then all components must be caked at the same 
temperature modes. Moreover, the components of the ceramic fuel cell must be compatible 
not only at operational temperatures but also at higher temperatures at which the forming of 
ceramic structures takes place. 

[0009] The current technologies for manufacturing HTFCs and their components 
which are being widely used, in general, meet oil tile chemical stability, thermal resistivity, 
electrical and other features requirements. Component compositions are mainly the ceramic 
materials based on zirconium dioxide, oxides of cerium, thorium, barium, strontium, 
bismuth, compounds of perovskite type materials based on oxides of chromium, manganese, 
cobalt, nickel, and lanthanum modified by magnesium, calcium, strontium, barium, 
scandium, yttrium, cerium and other lanthanides. In the technology of manufacturing the 
materials for the HTFCs, all known methods for manufacturing ceramic materials are 
applicable. However, increasing and complicated specific demands made on HTFC 
construction, such as: 

[0010] the predetermined porosity of the ceramic electrodes with sufficient 
structural strength and electrical conductivity; 

[0011] and decreasing the thickness of the electrolyte film while maintaining the 
gas density and as a consequence; and 

[0012] the necessity to form thin electrolyte films on the porous carrier electrodes 
with a maximum increase of a specific working surface per 1 1 1-FC weight unit; 



[0013] substantially limit the application of known ceramic technologies and 
materials when forming HTFC components such as the electrodes, the electrolytes, and the 
current passages. 

[0014] One of the limitations is conditioned by great differences in caking 
temperatures of the materials, at which the HTFC components being mated are manufactured. 
For example, the caking of the 10YSZ electrolyte takes place at a temperature of 1700°C, 
while the carrier cathode of lanthanum-strontium- La^ Sr 0 3 Mn0 3 is caked at 1450°C. At the 
same time the specific caking temperatures for every material are necessary to fully stabilize 
the characteristics used in the HTFCs. Therefore, special methods for forming the solid 
oxide electrolytes and the electrodes developed recently appear to be inefficient. These 
methods are based generally on maximizing an increase of the powder's activity in order to 
decrease the differential between the caking temperatures of electrolytes and electrodes. In 
reality, these methods succeed in forming the surfaces of the HTFC contacts i.e. 
cathode/electrolyte/anode, but at temperatures ranging from 100 - 400°C lower than the usual 
ones. However, materials incorporated herein which prove to be sufficiently active, 
continuously change toward the final phase structure during the article exploitation from 
900° - 1100°C. This change may be accompanied by irregular shrinkages of various HTFC 
components, and increased mutual diffusion between components, which may lead to 
component failure or to unacceptable decreases in desired article features. 

[0015] Certain ceramic technologies such as isostatic pressuring, extrusion, 
plasma spraying, vacuum spraying etc. used in forming HTFC components from powders can 
be modified using additional techniques, such as increasing the electrolyte density, providing 
the determined porosity, or increasing the adhesion of the elements to be mated, to utilize the 
active powders either during the process of forming the components itself or at other points 
in the manufacturing process. 

[0016] A method for manufacturing the HTFC includes the steps of applying 
consecutively a fuel electrode layer, an electrolyte layer of YSZ, and an air electrode layer, to 
make a three layer element on a carrier substrate made of the CSZ is well known in the art. 
The thermal expansion coefficient of the substrate is matched to the thermal expansion 
coefficient of the applied electrolyte layer by exposing the substrate to a thermal treatment 



during the application step. The thermal treatment is performed by heating at the rate of 
50°C per hour until attaining 1450°C, holding at 1450°C for 6 hours before decreasing at the 
same rate. (U.S. Patent No. 5,021,304, Int.Cl. H01M 8/10, H01M 4/86, published 1991). 

[0017] When manufacturing the HTFC according to US patent #5021304, a wide 
range of initial substances and compounds may be used. The manufacture of the individual 
components of an HTFC is performed by various technologies, which finally complicates the 
process of manufacturing the HTFC as a whole and particularly complicates its hardware 
realization. 

[0018] An alternative to the given method of forming HTFC components, certain 
technologies may use processes based on pyrolysis of metals combined with various organic 
reagents containing the elements to be incorporated into the components. 

[0019] By analyzing technical decisions, one may make the conclusion that the 
role of the organic reagents in manufacturing the electrolytes and the electrodes is similar to 
that regarding the caking (forming) temperature decrease. However, this role is opposite 
regarding the desirable final result, since the electrolyte must be gas-dense, and the electrode 
must be porous. After performing this analysis, a tendency develops to use different classes 
of organic substances, which ultimately leads to inevitable widening in the range of 
substances and materials used, and subsequently a rise in the cost of manufacturing the 
HTFC as a whole. 

[0020] Thus, if P-diketones are mainly used in the methods for forming the 
electrolyte, the other various classes of organic substances: alcohols, carbonic acids, amines, 
and many other (including easily inflammable) ones are used in the methods for forming the 
electrodes. 

[0021] In this context, the process for manufacturing the materials for forming 
any HTFC components must be universal and fit within the limits of the processes and 
equipment used in manufacturing both the materials themselves and the HTFC components 
based on these materials, thereby significantly reducing the article cost, the range of used 
materials and substances, and the amount of technological equipment used. 

[0022] The ceramic cathode can be the carrier construction base of the HTFC. 
The following main requirements are placed on the carrier cathode of the fuel cell: 
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[0023] the overall cathode porosity and the cathode pore size must provide a free 
supply of oxygen-containing gas to the three-phase cathode/electro lyte/gas border; 

[0024] a sufficient mechanical strength in order to provide reliable long-term 
operation of the fuel cell; 

[0025] the thermal expansion coefficient (TEC) of the cathode must be 
approximately that of the TEC of the solid electrolyte, in order to avoid the occurrence of 
mechanical stresses leading to a failure in the solid electrolyte layer. 

[0026] The first two requirements appear to contradict each other, therefore the 
problem of finding a compromise always exists in practice. 

[0027] The third requirement is mainly provided for by carefully choosing the 
correct materials. For example, oxide compounds of La, Mn, Cr, Co, or Ni doped with 
oxides from the group including Mg, Ca, SY, or Ba are used as a material for manufacturing 
the cathode. 

[0028] Considering the manufacturing requirements and the high working 
temperatures (on the order of 1000°C), the YSZ-based SOFC comprised of noble metals or 
oxide compounds can be used for manufacturing the cathodes. However, due to their high 
cost, the noble metals such as platinum, palladium, and silver are practically used in SOFCs 
for research purposes only. Most recently, doped lanthanum manganite LaMn0 3 became the 
most widely used material for these purposes. 

[0029] As it was mentioned above, the choice of the material for manufacturing 
the porous cathode is performed according to its conductivity, TEC and other features. In so 
doing, a temperature for the preliminary burning (synthesis) of the selected material is 
predetermined (i.e., stipulated temperature at which the material obtains a necessary phase 
composition) and cannot be changed over a wide range. This, in its turn, does not allow the 
diffusion and strength characteristics of the porous carrier cathode to vary. Moreover, caking 
at high temperatures assumes higher power expenses for manufacturing the fuel cells. 

[0030] It is known from the prior art, that methods for manufacturing the 
electrodes differ depending on the HTFC construction. 

[0031] In constructions with the carrier electrolyte, the manufacturing of the 
electrodes (in most cases) consists of applying a thin-dispersed suspension of material in 
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some solvent such as alcohol, acetone etc. onto the electrolyte surface, then burning at a 
temperature which will provide reliable adhesion of the electrode material to the electrolyte. 
The application of the electrode mass onto the electrolyte surface can also be performed by 
painting, dipping or spraying. Other methods of manufacturing the electrode include: 
chemically condensing the carrier solid electrolyte onto the surface from liquid solutions or 
gaseous phase materials; thermal decomposition of metal salts; joint hot-compacting the 
electrode material and the electrolyte; or by spraying [M. V.Perfiliev, A.K.Demin, 
B.L.Kuzin, A.S.Lipilin, "Hightemperature gas electrolysis", Moscow, Nauka, 1988, p. 98]. 

[0032] In constructions with the carrier electrode, the electrodes are manufactured 
from the specially prepared formable masses using various possible forming techniques 
including: extrusion, single-axis or isostatic compacting, or a casting. 

[0033] A method for manufacturing the tubular carrier electrode for the solid 
oxide electrolyte of an electrochemical fuel cell is most similar to the claimed group of 
inventions in the aspect of manufacturing the cathode by the technical essence and achieved 
result. The method comprises steps of: dry mixing the powders of Mn0 2 , CaC0 3 and La^ 
(in order to obtain the lanthanum manganite (LaMn0 3 ) doped with calcium after the caking); 
compacting the obtained mixture into briquettes; synthesizing the compacted briquettes at 
high temperature by means of caking; further grinding the briquettes until obtaining a powder 
with a predetermined size of particles; mixing the prepared powder with removable items: a 
plasticizer, a pore creating agent, and a water-soluble substance in order to obtain a formable 
mass; forming this mass into thin-walled tubes; and finally caking these tubes (U.S. Patent 
No. 5,108,850, IntCl. H01M 4/88, published in 1992). 

[0034] Besides limitations inherent to known similar designs, the solid-phase 
synthesis used in the technology protected by this patent does not provide the homogenous 
characteristics of the powder. Moreover, it contemplates the usage of the plasticizer, pore- 
creating agent, and water-soluble substance. The caking process is performed at high 
temperatures with significant shrinkages, thereby requiring additional techniques to obtain 
articles of a required size, i.e. the technology is sufficiently labor-consuming and power 
intensive. 



[0035] Current high-temperature fuel cells having solid oxide electrolytes can be 
divided into two classes 1) conduction by oxygen ions and 2) conduction by hydrogen ions 
(protons). Among the many high-temperature solid electrolytes being researched, two types 
are considered promising because of their physical and chemical characteristics and chemical 
composition: 

[0036] an electrolyte with ionic oxygen conductivity on the basis of a modified 
zirconium dioxide; 

[0037] an electrolyte with ionic proton conductivity on the basis of a modified 
barium cerate (or strontium cerate). 

[0038] Currently, many firms are working on ways of manufacturing from 1 to 10 
k W generators including: Westinghouse Electric Corp. (USA), Fuji Electric Co- (Japan Asea 
Brown Boveri AG (Germany), NGK Insulators Ltd. (Japan), Mitsubishi (Japan), Osaka Gas 
Co. (Japan), Allied-Signal Inc. (USA), Siemens AG (Germany), and International Fuel Cell 
Corp- (USA) etc. 

[0039] Enthusiasm, and attention to this problem are generated by potential 
physical and chemical characteristics inherent in solid electrolytes and, therefore may be 
realized in electrochemical devices. 

[0040] Currently, the HTFC based on zirconium dioxide in the tubular 
embodiment is theoretically the closest to an industrial realization. Currently, research and 
experimentation is being performed on the modified barium (strontium) cerate HTFC within 
the promising context of the proton electrolyte. This is confirmed by an analysis of the state 
of the art including scientific works dedicated to the proton electrolyte, and its wide 
discussion at international scientific seminars and conferences. On certain samples of 
thin-film (a = 10 - 15 |im), proton electrolytes with a current density of 0.3 A per cub. cm at 
0.4 V and 600°C was achieved. These values are about three times higher than those obtained 
with a zirconium dioxide based electrolyte under the same conditions, which is in fact 
explained by the extremely low polarizability of the conventional electrodes in contact with 
these ceramics and at a lower activation energy than that of the zirconium electrolyte at 
800°C. 



[0041] However, it is necessary to note that realization of the above-mentioned 
advantages of the electrochemical systems on a high level seems to be possible only when 
solving a problem common for all options: the problem of mastering the latest technologies, 
both in manufacturing the necessary ceramic materials, and in utilizing these materials during 
the process of manufacturing the HTFC itself. The most labor intensive problem is to create 
a technology of applying gas-dense layers (a is equal of 1 to 40 ^m) of electrolytes on the 
carrier (both gas-dense and porous). The thin- film, design has a particular significance for the 
construction of the proton electrolytes, because in this case the main disadvantages come 
from resistive loss, and the substantially lower mechanical strength of the BaCe0 3 ceramic 
electrolyte, as compared to that of Zr0 2 . Therefore this material cannot simultaneously 
perform the two functions of the carrier element construction material and the electrolyte. 

[0042] The technical problems of manufacturing a thin-film electrolyte are 
complemented by the high cost of the manufacturing technology. Thus, even if all technical 
problems were solved, the technology would contemplate the maintenance of parameters in 
order to obtain reproducible characteristics, for example, to control the temperature to within 
an accuracy of 2 degrees, would require an unacceptably expensive and possibly unreliable 
technology. 

[0043] Currently known methods for two-stage high-temperature synthesis of 
oxide powder materials for manufacturing the thin-film electrolytes have been found to be 
unacceptable. Ultra-disperse powders which are nearly uniform by chemical composition 
and are used in forming electrolyte layers from 1 to 40 [im in width, require technologies 
without an intermediate step of powder preparation. 

[0044] Methods without the steps of manufacturing and caking the solid 
electrolyte powders are known in the art. For example, in EVD technology used by 
Westinghouse, the step of synthesizing the solid electrolyte on the porous surface of the 
carrier cathode is performed from the decomposition of gaseous reagents, such as 
halogenides of zirconium and yttrium, onto the cathode. An advantage of this method is that 
layer forming may initialize with the participation of gas-phase molecular free particles. This 
solves the gas density problem. However, the necessity to use unique equipment and the 
necessity to work with caustic gas media such as halogenide compounds makes such 
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technology unprofitable (U.S. Patent No. 5,085,742, Int.Cl. H01M 6/00, H01M 8/00, 
published 1992). Another disadvantage of the CVD (EVD) method is the natural 
disproportion of the mixture of gas phases of the zirconium tetrachloride and yttrium 
trichloride during the process of their application onto the substrate. As a result, the yttrium 
within the applied electrolyte is non-uniformly distributed, and has a concentration gradient 
from the boundary within the substrate to the surface of the layer. Moreover, the cubic 
structure of zirconium dioxide (its monoclinic phase) appears not to allow the manufacture of 
the gas-dense electrolyte layer, with resistant characteristics, during the operation. 

[0045] Another method for manufacturing components known in the art employs 
the organic compounds of elements such as Zr, Y, etc., for forming the electrolyte and 
organic compounds of elements such as La, Mn, Sr, etc., for forming the cathode, current 
passage, and anode etc.. These compounds are easily disassociated under heating, thereby 
allowing the forming of HTFC components at relatively low temperatures -- below 600°C, 
and can be utilized in inert media or oxygen-containing air, under standard atmospheric 
pressure without intermediate steps of applying the porous electrolyte layer, for example, by 
plasma spraying. 

[0046] It follows from the analysis of publications and patent literature that 
methods for applying metal oxides from their organic compounds which were previously 
used only for obtaining the protective coatings over construction materials are being 
developed currently for tile solid oxide electrolytes and electrodes (Kuntagai Tozhija, Johota 
Hvozhi, Shindon Juji, Kondo Wakicki, Muzita Suzumu, Dyanki naganu oyobl kogyo butsuri 
kaganu; Anform water. Energy Theory Life. 1987, 55, No.3, pp. 269-270 [Obtaining the thin 
oxide films of perovskite type by pyrolysis of organic acids salts]; M.V.Perfiliev, A.K. 
Demin, B.L. Kuzin, A.S. Lipilin, "High-temperature gas electrolysis", Moscow, Nauka, 
1988, p.98; GB patent No 136198, CI. CIA, 1974; Japanese patent application No. 
62-235475, 1987, Int.Cl. C23C 20/08, C03C 17/25) [Collection of scientific materials edited 
by acad. Spitsin V.l. "Composition, features and application of (3-diketonates of metals", 
Moscow, Nauka, 1978, pp.1 16-1 19] [1]; Katrin NordVarhaug, Chun-hua Chen, Frik M. 
Kelder, Frans P.E. van Berkil and Joop Schoonman, "Thin Film Techniques for Solid 
Electrolyte Composites" European solid oxide fuel cell forum. 6-10 May 1996. Oslo/Norway. 
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pg. 331-340 [2]; European patent No 0478185, Int. CL 6 H01M 8/12, HOI M 4/86, published 
in 1991). 

[0047] In the art of manufacturing electrolytes, a process for forming oxide film 
coatings during a thermal decomposition of acetylacetonates of, for example, Zr, Ce etc. is 
highly desirable. In so doing, forming oxide compounds having cubic structures due to the 
carbon stabilization is preferable. The cubic structure of the carbon-stabilized zirconium 
dioxide is stable in atmospheric air at temperatures up to 900°C. When the temperature 
exceeds this point the cubic form is transformed to a monoclinic one, due to the carbon's 
partial oxidation to CO and C0 2 . In derivatographic analysis, the authors of [1] were able to 
obtain a fully stabilized zirconium dioxide (CSZ) by way of joint dissociation of 
P-diketonates of the zirconium and cerium (with pivaloil-trifluorine-acetonate). 

[0048] With respect to the method for manufacturing the electrolyte by technical 
essence and the result achieved in service, the method for manufacturing the Zr/Y film 
electrolyte by electrostatic application of a gas-drop emulsion of p-diketonates (ESD) to a 
medium, is the most similar to the claimed group of the inventions. The process is performed 
using acetylacetonates of the zirconium and yttrium (Zr(0 2 C 5 H 7 ) 4 , Alfa / Y(0 2 C 5 H 7 ) 3 , Alfa) 
[2]. The essence of the method is in spraying the gas-drop emulsion of P-diketonates mixture 
in a closed chamber. The substrate placed in the chamber is electrostatically charged up to 
8-10 kV, and is heated to temperatures ranging from 250 to 430°C. As a result, the emulsion 
drops fall on the substrate and are thermally decomposed, creating the YSZ film on the 
surface. 

[0049] In utilizing the ESD method it is necessary to use metal helates, namely 
acetylacetonates, having a high melting-point of 194°C. Therefore, it is necessary to dissolve 
acetylacetonates in ethanol, butyl-carbitol or other solvents, which do not allow a higher than 
0.05 mole per cub. dm. concentration of zirconium dioxide in solution. Such low 
concentration limits the rate of film application to the level of 2 \xm per hour. Moreover, 
since helate ligands are strongly coupled with the metal atom, the decay of zirconium 
acetylacetonate occurs via an intermediate product having a polymeric structure. This 
product is destroyed not with the segregation of, but with the destruction of whole helate 
ligands, and residues of their carbon chains compete in the crystal lattice of zirconium 
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dioxide with yttrium oxide. Thus, with the Y 2 0 3 removed, the zirconium dioxide is partially 
stabilized by residues of the carbon chains which are released from the crystal lattice of the 
zirconium dioxide in the form of CO and C0 2 during further burning, and this results in 
forming a certain amount (3-4%) of a monoclinic structure in addition to the inevitable 
forming of pores. 

[0050] As it was mentioned above, the current passage is one of the main HTFC 
components. Among the list of the requirements and characteristics that a current passage 
used in an HTFC should meet, the main requirement is a high electrical conductivity both in 
oxidizing and restorative atmospheres. Such characteristics may be achieved preferably by 
current passages manufactured to include noble metals or noble-metal based alloys. Such as 
the current passage disclosed in U.S. Patent No 3,457,052 (Int. CI. B21b, B21c, published in 
1969). Considering the high cost of these materials, wide scale manufacturing of this type of 
current passages is practically impossible. 

[0051] The current passages made of electric conductive materials on the basis of 
metal oxides and their compositions are more promising. These compositions include doped 
lanthanum chromite (LaCr0 3 ), since it is sufficiently resistant both in an oxidizing medium 
or oxygen-containing space and in a restorative medium of the fuel gas. 

[0052] One of the requirements placed upon a material used in a current passage 
made of LaCr0 3 and used in SOFCs, is its gas-density. This will help to avoid any 
cross-leakage of fuel and oxidizing gases through the current passage. It is known, that it is 
difficult to manufacture the LaCr0 3 with high density in conditions of high oxygen activity. 
In so doing, temperatures above 1600°C are necessary. Such high caking temperatures 
become unacceptable when heating the LaCr0 3 together with other SOFC components. But 
introducing a fusible substance to improve the caking temperatures in the form of a second 
phase with a significantly lower melting point (about 1400°C), makes the LaCr0 3 more dense 
in oxidizing media. However, this method for decreasing the caking point is unacceptable, 
since it produces loss of liquid-phase fusible eutectics into other components of the fuel cell 
causing substance and morphology changes leading to the loss of fuel cell's functional 
characteristics. 
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[0053] With respect to the method for manufacture of a current passage by the 
technical essence and the result achieved in service, the method including steps of 
synthesizing a powder of electron-conducting material based on doped lanthanum chromite, 
and further, thermally spraying the commutation layer of this material onto the unmasked 
sector of the air electrode is the most similar to the claimed group of the inventions (U.S. 
Patent No. 5,085,742, Int. CI. H01M 6/00, H01M 8/00, published in 1992). 

[0054] The current passages manufactured according to that technology have lost 
a number of known inherent disadvantages for above mentioned reasons. Along with that, 
complicated technological equipment leading to a substantial rise in the cost of the whole 
article is necessary in order to manufacture a current passage of sufficient gas-density from 
lanthanum chromite by the given method. 

[0055] The main physical and chemical processes take place on the interface 
surfaces of the high-temperature electrochemical devices, enabling the operation of the 
device as a whole. 

[0056] A chemical composition of single HTFC layers including a positive 
electrode, an electrolyte, and a negative electrode (PEN), is usually selected according to 
maximum electric (electronic, ionic) conductivity. In general, this selection rarely coincides 
with other functionally necessary requirements to the materials, for example, chemical and 
thermal stability, constructional strength etc. 

[0057] On the interface surfaces between the electrodes and the electrolyte, 
chemical interactions are possible in working temperature conditions or during the process of 
manufacturing. Thus, on the LSM/YSZ boundary, a formation of the lanthanum zirconate 
La2Zr 2 0 7 occurrs, leading to a sharp increase in the contact resistance and to a deterioration of 
cathode operation. ([Andreas Mitterdorfer et al. ETN Zurich "Department of materials, Swiss 
Technology Institute"], Second ESOFC Forum Oslo (Norway), May 1996, pp. 373-382). 

[0058] A promising use of the modified cerium oxide having an ionic 
conductivity higher than that of the modified zirconium dioxide, is as the electrolyte. 
However, in the restorative fuel medium, the cerium oxide has noticeable electronic 
conductivity, which may lead to the decrease of the EMF (voltage of an interrupted circuit of 
PEN) by 20-30% (M.Sahibzada et al., Department of materials and department of chemical 
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engineering technology, Imperial college of science, technology and medicine, London, 
Second ESOFC Forum Oslo (Norway), May 1996, pp. 687-696). 

[0059] Currently, manganite doped with strontium or lanthanum is one of the 
most promising materials for an air electrode. However, since it is easily restored with a 
sharp increasing of the TEC from 12.5*10 -6 to 14.5*10" 6 K -1 even in a slightly restorative 
medium, its application is possible only with absolutely dense layers of the solid electrolyte. 
Any local decreased density in the electrolyte being in contact with MLS leads rapidly to the 
destruction of the whole element. Since current techniques display a tendency to decrease the 
electrolyte thickness (to 5 \im and below), there is a great probability for the existence of 
local microdefects. 

[0060] In order to solve the problem of effective service material mating, and also 
of increasing material stability when in gas media operation, it is necessary to form special 
intermediate layers, or interface layers, on the interface surfaces. As a rule, the thickness of 
interface layers doesn't exceed units of micrometers. 

[0061] The creation of such thin interface layers imposes special requirements on 
the technology used to form them. Until 1994, two processes could be considered the most 
acceptable: an electrochemical application from the vapor-gas phase (EGP), and a magnetron 
spraying (both are derived from the technology for epitaxial layer growth in the integrated 
circuit industry). Both techniques are economically unprofitable in HTECD production due 
to the expensive equipment and high operation expenses necessary for their practical 
implementation. 

[0062] Among the cheaper technological processes, a pyrolysis dissociation of 
metal-organic complexes, metal-organic compounds, or their mixtures is the most promising. 
An electrostatic pyrolysis spraying (EPS) is one variation, being the most similar to the 
present group of the invention with respect to manufacturing the interface layer [2]. 

[0063] The second electrode of HTFC is the anode, which, as a rule, is 
manufactured from the cermet. 

[0064] On the basis of the above-mentioned requirements imposed on electrodes 
and caused both by the technologies for their manufacturing, and by operating conditions, it 
can be established that the most significant among these requirements is the selection of the 
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material used for the anode manufacturing. In so doing the following circumstances are 
taken into account: 

[0065] Because of the restorative conditions in the fuel gas atmosphere, metals 
are used as an anode material for SOFC. Since the material composition may change during 
the operation of the fuel cell, the used metals should not be oxidized both in pure fuel 
conditions and in maximum oxidation conditions of the fuel during output from the fuel 
device. 

[0066] Under operation temperatures in the range of 700° to 100°C in the SOFC 
with a solid electrolyte, the list of used metals is limited, in general, by the nickel, cobalt and 
noble metals. The nickel is the most common due to its low cost (as compared to cobalt, 
platinum etc.). 

[0067] In order to obtain the cermet anode with a porous structure operating over 
a long period of time at 700 - 1000°C, the nickel in the form of metal is usually used together 
with the stabilized zirconium dioxide and also with the stabilized cerium oxide, which is 
necessary for additional (internal) reforming of the fuel gas. 

[0068] A substrate of an ion-conductive ceramic material keeps metallic nickel 
particles, and prevents the caking of metal particles at the operation temperatures of the fuel 
cell. 

[0069] When manufacturing the anode cermet for the SOFC, it is usual to begin 
with powder materials such as YSZ and NiO. The mixture is may be formed into a compact 
electrode by different methods. Further, the NiO will be restored to the nickel metal under 
the effect of the fuel cell. For thin layers (for example, 100 pin in thickness) of the nickel 
cermet annealed in air, several minutes are necessary to complete the restoration process for 
the NiO at temperatures around 1000°C. 

[0070] The method for manufacturing the cermet fuel electrode is the most 
similar to the present invention in the manufacturing aspect of the cermet fuel electrode. The 
method comprises steps of: 

[0071] applying a separate electron-conductive layer onto the external porous 
electrode coupled to the solid ion-conductive electrolyte which, in its turn, is in contact with 
the internal electrode, 
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[0072] injecting into the external porous electrode a mixture consisting mainly of 
a salt containing a first metal, the metal containing component being chosen from the group 
including nickel, cobalt, and their mixture, and the salt being chosen from the group 
including nitrate, acetate, propyonate, butyrate, and their mixture, or from their mixture 
mainly consisting of a salt containing a second metal, the metal component being chosen 
from the group containing cerium, strontium titanate, and their mixture, and the salt being 
chosen from the group containing nitrate, acetate, propyonate, butyrate, their mixture, and 
also a non-ionized surface-active substance. 

[0073] heating the applied mixture in the atmosphere up to a sufficient 
temperature for forming a separate solid porous electron-conductive, multi-phase layer 
mainly consisting of a conductive oxide chosen from the group containing cerium oxide, 
strontium titanate, and their mixture. The thin metal particles contained in it being preferably 
chosen from the group consisting of separate nickel particles, separate cobalt particles, and 
their mixture; the particles being from 0.05 to 1.75 jam in diameter. 

[0074] In addition, an external porous electrode contains large metal particles 
from 3 to 35 |im in diameter. The electrode is partially introduced into the structure of the 
substrate including the stabilized zirconium dioxide portion, and the thin metal particles 
which range from 0.25 to 0.75 jxm in diameter. 

[0075] In addition, dopants used with the second metal contained in the salt are 
selected from the group, including Mg, Sr, Ba, La, Cc, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, 
Tm, Yb, Y, Al, and their mixtures. A method for their heating, performed at the rate of 50 to 
100°C per hour, is disclosed in US patent No 5021304 (Int.Cl. H01 M 8/10, published in 
1991). 

[0076] A disadvantage of the this method for anode manufacturing is its multiple 
stages and large number and great variety of classes of utilized organic reagents. The 
proposed invention provides for a fuel electrode using a single physical/chemical process 
during a single operation with a single class of organic reagents, namely, a mixture of 
dimethyl-carbonic acids, where the straight carbon chain can be represented as a row from C, 
to C 12 . Such combination of carbonic acids is the cheapest and the most wide-spread in the 
industrial-scale production of organic reagents. 
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[0077] An electrical insulating layer is a necessary element of the HTFC 
construction. In order to operate the HTFC it is necessary to provide electrical insulation 
between the electrolyte, anode and current passage. The electrical insulating material in the 
HTFC construction contacts the electrolyte and the anode and cathode materials. In this 
connection, the most strict requirements are imposed on contacts of the electrically insulating 
material, which relies on the fact that such contacts must maintain certain mechanical and 
gas-density requirements under operating conditions and must exclude the interaction of the 
materials which may lead to the loss of HTFC serviceability. 

[0078] The most common requirements placed on the electrically insulating 
material are the stability of its structure, high temperature material characteristics, reliable 
contact with interfaced materials, an absence of the interaction in the contact zone, and a TEC 
value in proximity to the value of the interfaced material TEC. 

[0079] Ceramic materials based on the magnesium spinel A1 2 0 3 and/or MgO have 
acceptable insulating features (DE Patent No. 2756172. Int. CI. 6, C25B 9/04 published in 
1979). 

[0080] Solid electrolytes based on zirconium dioxide are characterized by a 
sufficiently low electric conductivity with acceptable levels of the stabilizing additives and 
chemical compounds of zirconium; for example, zirconates, which determine the possibility 
of their usage as electrically insulating materials. In addition, their TEC values coincide well 
with the TEC value of the solid zirconium electrolytes. 

[0081] Under working temperatures conditions for HTFC operation, the doped 
magnesium spinels possess many desirable characteristics, including good electrical 
insulating characteristics. As a rule, doping is performed in order to bring the TEC of the 
HTFC component materials interfaced (the electrolyte, electrode, and current passage) with 
that of the electric insulator. The final step in the manufacturing technology of an HTFC cell 
is the step of applying the electrically insulating layer. After which, the cell is ready to be 
placed into a stack, i.e., it does not seem possible to exceed the temperatures of forming the 
previous HTFC layers (components). At the same time, the caking temperatures of the 
electrical insulator materials are relatively high. The application of additives for obtaining 
fusible eutectics is unacceptable in this situation because of the ease at which they diffuse 
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into the HTFC components which are interfaced with the electrical insulator, thereby 
disrupting their functional characteristics. 

[0082] The method disclosed in (DE Patent No 2756172 Int. CI. 6, C25B 9/04, 
published in 1979) for manufacturing an electrically insulating layer, comprising the steps of 
preparing the component compound on the basis of a magnesium spinel using fusible 
eutectics, is the most similar to the present group of inventions with respect to preparing the 
electrically insulating layer in its technical essence and the result achieved in service. 

[0083] A typical sequence of arranging and manufacturing the HTFC components 
may include the following: 

[0084] a porous carrier cathode; 

[0085] a layer of electrode material of no more than 0.6 ^im in thickness, 
contributing the activation of electrode processes, applied to the porous substrate of the 
carrier electrode material; 

[0086] a current passage; 

[0087] a gas-dense layer of the Ce(Sm/Gd)0 2 . x , of 5 to 10 ^im in thickness on the 
surface of the active electrode material contacting the MLS, wherein said layer is working as 
an electrolyte; 

[0088] gas-dense layer of the YSZ on the surface of the Ce(Sm/Gd)0 2 . x of 3 to 5 
|im in thickness for preventing the restoration of the doped cerium oxide (the electrolyte) by 
the fuel gases; 

[0089] a fuel electrode cermet; and 

[0090] an electrical insulating layer. 

Summary of the Invention 

[0091] The present group of inventions, address the problem of creating a 
universal method for manufacturing an HTFC and its components, by allowing for the 
manufacture of a cathode, an electrolyte, an anode, a current passage, electrically insulating 
and interface layers in multiple variations within the framework of a single technological 
process, while decreasing the specific power expenses and the range of reagents and 
equipment used for manufacturing. 
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[0092] In regard to the method for manufacturing a single HTFC to obtain the 
above-mentioned technical results, the set problem is solved by the fact that in the known 
method for manufacturing the HTFC including steps of manufacturing the cathode, and 
applying the electrolyte and anode together with a subsequent thermal treatment of the whole 
HTFC construction, the step of manufacturing the cathode is followed by applying an 
interface layer, a current passage, an electrolyte based on the doped cerium oxide, and an 
electrolyte based on the doped zirconium oxide, and subsequently followed by the step of 
applying the anode and the electrically insulating layer. 

[0093] In order to manufacture the applied, interfaced and caked components in 
the high-temperature fuel cell a main metal-organic complex is prepared which is 
characterized by the general formula: 

[0094] [CH 3 - (CH 2 ) n - C(CH 3 ) 2 - C0 2 ] m Me +m 

[0095] where the value of n is from 1 to 7 

[0096] and an additional complex in specifically noted cases: 

[0097] [C n H 2n+1 0] m Me +m 

[0098] where the value of n is from 2 to 8 

[0099] and m is the valence of the metal, 

[0100] Where Me are chemical elements from the group including: Mg, Ca, Sr, 
Ba, Al, Sc, Y, In, La and the lanthanides Ti, Zr, Hf, Gr, Mn, Fe, Co, Ni, Cu, included in the 
form of a metal, or their oxides into the materials used for forming the cathode, the anode, the 
current passages, the electrolytes, the interface and electrical insulating layers. 

[0101] In addition, when shutting off the cathode mass being formed while the 
manufacturing the cathode, metal-organic complexes having similar metal components are 
used as binding materials. , 

[0102] During the process of manufacturing the current passage, the electrolyte, 
the interface layer, and the electrical insulating layer, the metal-organic complexes with 
similar metal components are used either in the liquid phase for dispersions, as carriers of 
thin-dispersed powder materials of the current passages and electrolytes, for interface and 
electrical insulating layers, or used directly in the liquid phase form, i.e. without adding 
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powder phase materials. The choice depends on the chemical characteristics of one or other 
material being applied. 

[0103] During the process of manufacturing the anode, the cermet of the anode is 
manufactured using a liquid phase of the metal-organic complex in a mixture-paste which 
includes a thin, rough dispersion of the ion-conductive and electron-conductive powder 
materials. 

[0104] The essence of the invention consists of utilizing, and forming the HTFC 
elements, metal carboxylates (and their mixtures), alcoholates of the same metals (and their 
mixtures), and the compounds of metal carboxylates with alcoholates in which thermal 
decomposition (in air oxygen) or thermal dissociation (in an inert medium) in which, without 
a decomposition of organic radicals transforming to the gaseous state, a synthesis of certain 
oxide materials having necessary phase and chemical composition occurs. The synthesis 
occurs at relatively low temperatures (300° to 600°C), i.e. within the decomposition 
temperatures range for carboxylates and alcoholates, and, according to data confirmed by 
X-ray diffraction analysis, this synthesis leads to the production of the materials having a 
necessary crystalline structure. 

[0105] At the time of the synthesis, the oxide materials have a high chemical 
activity, which, during the formation of the HTFC elements, determines their low- 
temperature caking point. 

[0106] A choice of the carboxylates and alcoholates is performed on the basis of 
their start and finish decomposition temperature range, which must optimally coincide with 
the synthesis temperature range of the oxide material being applied. The decomposition (or 
for acylates, dissociation) process, preferably, should not possess any sharp endothermic or 
exothermic effects. In this case, either the separate carbonic acids and their mixtures, the 
alcoholates and their mixtures, or the compounds of alcoholates with carboxylates can be 
used. 

[0107] Fig. 4 demonstrates the curves of the derivatographic analysis of the high 
temperature dissociation of the dimethyl-butyl-acetic acid zirconium salt, zirconium 
acetylacetonate and zirconium butylate in the nitrogen medium. It follows from the 
presented DTG diagram that a weight loss occurs at temperatures above 700°C during the 
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decomposition of the zirconium acetylacetonate. The decomposition of the 
dimethyl-butyl-acetic zirconium salt finishes at 530°C, and the decomposition of the 
zirconium butilate finishes at 380°C. 

[0108] It also follows from the DTG in Fig. 4 that the zirconium butylate has the 
lower decomposition temperature (less than 400°C) among the shown chemical compounds. 
Having a higher zirconium content, thereby facilitating a faster rate of application for the 
Zr0 2 / Y 2 0 3 film. 

[0109] Also, the following compounds of zirconium butylate and the zirconium 
acetates were tested: 

[0110] Zr(OBu)(OCOR) 3 l Bu : 3 Ac (3 1 ) 

[0111] Zr(OBu)(OCOR) 2 2 Bu : 2 Ac (3 2 ) 

[0112] Zr(OBu)(OCOR) 3 Bu : l Ac (3 3 ) 

[0113] In the compound (3 1 ) there are few butoxy groups; therefore, the 
zirconium content increases insignificantly. The compounds (3 2 ) and (3 1 ) have increased 
zirconium content. In all three above-mentioned compounds containing zirconium butylate, 
an acceptable type of high-temperature joint decomposition (or for acylates dissociation) of 
the groups would be: 

[01 14] Zr(OBu) 2 (OCOR) 2 * Zr0 2 + 2 RCOOBu 

[0115] Zr(OBu) 3 (OCOR) Bu 2 0 (or BuOH and BuH-butylene) + RCOOBu 

[0116] Fig. 5 shows decomposition thermograms for compounds of dimethyl- 
butyl-acetic zirconium with zirconium butylate, in comparison with pure zirconium butylate 
and pure dimethyl-butyl-acetic zirconium. 

[0117] All thermograms were obtained in a nitrogen atmosphere. Comparing the 
obtained thermograms, the zirconium butylate compounds with the extract of zirconium 
dimethyl-butyl-acetic acid are decomposed at various temperatures: 530 4 ; 470 2:2 ; 435 3:1 ; 
380 Bu °C. However, for the compounds of (3 2 and 3 3 ) content, the DTG curves (2; 3) are more 
linear than that of the separate zirconium butylate or separate zirconium dimethyl- 
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butyl-acetate. This means that in the absence of sharp endothermic or exothermic effects, 
this technological process is more stable for compounds of (3 2 and 3 3 ) content, i.e. a substrate 
temperature determined by the technology is not influenced by fluctuations due to 
endothermic and exothermic effects which, in turn, facilitates the quality of the gas-dense 
solid electrolyte applied onto the substrate. 

[0118] In order to manufacture a thin- film electrolyte, compound mixtures of the 
following types are prepared from the initial carboxylates mixtures: 

[0119] M A (OC m H 2m+1 ) x (0 2 C n H 2n+1 ) Y + M B (OC m H 2m+1 ) a (0 2 C n H 2n+1 ) p 

[0120] where M A is a metal with the A valence; 

[0121] and where M B is a metal with the B valence; 

[0122] m ranges from 2 to 6; 

[0123] n ranges from 6 to 12; 

[0124] x + y = A; and 

[0125] a + p = B. 



[0126] Further, the prepared compound mixture is applied onto the heated 
substrate by painting, spraying, rolling, or another method in an inert atmosphere of, for 
example, N 2 , Ar, or C0 2 , or alternatively in an air atmosphere. The substrate heating 
temperature and the atmosphere in which the application is performed depend on certain 
particular metal elements in the initial mixture composition. 

[0127] In regard to the cathode, the present group of inventions addresses the 
difficulties which arise while developing a method for manufacturing the porous ceramic 
cathode carrier of the HTFC. This method will allow one to vary the strength and structural 
characteristics of the porous cathode over a wide range while decreasing the power expenses 
incurred from material caking. 

[0128] In regard to the method for manufacturing a cathode with achieving the 
above-mentioned technical result, the set problem is solved by the fact that in the method for 
manufacturing the carrier cathode of the HTFC comprising steps of: 
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[0129] synthesizing a powder of an electrode material, the doped lanthanum 
manganite; 

[0130] preparing a formable mass with ail organic binding component; and 

[0131] forming a carrier basis, wherein the electrode material powder is usually 
obtained by co-precipitating the base carbonates and carbonates from their nitrate solutions, 
and its subsequent caking; 

[0132] the carboxylates of chemical elements: Mn, La or Co, La, or Ni, La, or Cr, 
La, doped by elements from the alkaline-earth group, are used as organic binding 
components, and the step of forming the cathode is performed by isostatic compacting with 
subsequent caking at temperatures ranging from 1 100° to 1380°C. For the electrode material 
powder, a compound characterized by the formula La x A,. x Mn0 3 where A is Mg, Ca, Sr, Ba, 
or their mixture, and 0.6 < x < 1 is used. In order to prepare the organic binding component, 
the basis of metal carboxylates, the acids are used with the common formula C n ,H 2n 0 2 , where 
n ranges from 6 to 12. A total mass of the binding component constitutes 3-15 mass % 
relative to the formable mass being prepared. An overall concentration of metals in the 
mixture of carboxylates is within the range of 10 to 360 g per kg. 

[0133] After decomposing, the binder forms a compound with the composition 
La y Sr 1 „ y Co0 3 , LaySr^CrOj, or LaySr^NiO, where 0.6 < y < 1.0. The caking of the cathodes 
is performed in a furnace in the vertical position at a temperature range of 1 100° to 1380°C. 

[0134] The essence of the invention consists in utilizing, when forming the 
cathode from the initial powder, a binder which, under caking, forms a material identical to 
the material of the initial cathode powder during thermal decomposition. As a result, the 
caking of the product begins at the binder burn-out temperatures, from 300° to 600°C, due to 
the oxidation of metal components constituting the carboxylates, and simultaneous 
synthesizing from them a cathode material in the interparticle spaces of the initial powder of 
strontium manganite lanthanum. 

[0135] During the process of manufacturing the formable mass, the carboxylates 
function both as plasticizer and binder, and also as pore agents in caking, due to the organic 
component burning out. 
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[0136] Thus, the present method for manufacturing the cathode includes the step 
of: utilizing the metal carboxylates as a binder when forming the cathode, thereby forming, 
during the burn out and caking process for the binder and cathode, a material highly 
responsive to caking and similar to the cathode material which simultaneously will, at 
temperatures lower than those for synthesizing the initial powder of the strontium manganite 
lanthanum, perform the processes of driving out the binder and caking. The utilization of the 
carboxylates described above as a binder, plasticizer, and pore agent reduces the shrinkage 
ratio during the process of caking from 18 - 20% to 0.5 - 3%. In this case, the choice of 
carbonic acids is performed based on the possibility to obtain the carboxylates with high 
metal content. 

[0137] The present group of inventions relate, additionally, to the problem of 
manufacturing the HTFC in regard to the interface layer. Within the HTFC under working 
temperature conditions, chemical interactions between the interfaced components are 
minimized, thus the material stability in a working gas media, and the service life of the 
HTFC are increased. Depending on the functional design, the interface layer materials may 
comprise both electrode features and electrolyte features. In so doing, every interface layer 
carries a plurality of functions of the electrode and the interface layer activating the electrode 
reaction; the electrolyte and the anti-diffusion interface layer; the electrolyte, the protective 
covering of the previous layer (for example, from the restorative medium of the fuel gas) and 
the transition buffer combining the TEC of adjacent layers, etc. Since the required layer 
thickness does not exceed units of |im, then the most rational way for forming these layers is 
a method of pyrolysis-decomposing the chemical compounds of organic reagents. For this 
reaction, the metals are selected from the group consisting of one or other of the interface 
layers that posses radicals which are easily dissociated thermally and without a noticeable 
decomposition under interface-layer application conditions, the organic reagents are selected 
from the group of dimethyl-carbonic acids, and/or the organic reagents are selected from the 
group of alkyls complementing the dimethyl-carbonic acids in order to prevent sharp exo- 
and endothermal effects under similar interface-layer application conditions. 

[0138] To achieve the above mentioned technical results, with regard to the 
method for manufacturing the interface layers, the invention solves the set problem by 
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employing a mixture of compounds of necessary metals with organic reagents as an applied 
material in the method for manufacturing the interface layer comprising steps of: 
synthesizing a metal-organic complex; and applying it onto a heated substrate. Every 
compound of metal with organic reagent in this reaction is characterized by the formula: 
[0139] Me +A (0 2 C - C(CH 3 ) 2 -- (CH 2 ) n - CH 3 ) x (OC m H 2m+1 ) A . x? where: 
[0140] Me are metals selected from the series: Cr, Mn, Co, Ni, Cu, Y, Zr, La and 
[0141] lanthanides, Mg, Ca, Sr, Ba; 

[0142] A is the valence of the given chemical element (metal); 

[0143] X is a coefficient determined from the following inequality: 0 < X < A; 

[0144] n ranges from 1 to 7; and 

[0145] m ranges from 2 to 8; 

[0146] In order to produce a gas-dense film of the interface layer, the invention 
solves the set problem also by employing a mixture of compounds described by the common 
formula: 

[0147] Me +A (0 2 C - C(CH 3 ) 2 ~ (CH 2 ) n - CH 3 ) A . x (OC m H 2m+1 ) x , where: 
[0148] X is equal to 0; 

[0149] Me are metals selected from the group: Mg, Ca, Sr, Ba, Ce, Pr, Sm, Gd, 
and Er. The total content of metals in the mixture of compounds being not higher than 20g 
per kg, and the application step of is performed onto a substrate heated to a temperature not 
higher than 530°C in an air atmosphere. Thus forming the gas-dense film of the interface 
layer no greater than 0.6 ^m in thickness on the basis of doped lanthanum chromite activating 
the electrode reaction. Additionally, in order to manufacture the gas-dense film of the 
anti-diffusive interface layer, a mixture of compounds is used described by the common 
formula: 

[0150] Me +A (0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) A . X (OC m H 2m+1 )x, where: 
[0151] X is equal to 0; 

[0152] Me are metals selected front the group: Ce and doping elements Sm, and 

Gd; 

[0153] n is equal to 1 or 2; the total content of metals in the mixture of 
compounds being not higher than 20g per kg; and the step of applying the mixture is 
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performed onto a substrate heated to a temperature not higher than 380°C, in an inert gas 
atmosphere forming a gas-dense anti-diffusive film on the interface layer of not greater than 
10 ^im in thickness on the base of doped cerium oxide. Additionally, in order to manufacture 
the interface layer to protect the previous layer from the restorative gas medium, a mixture of 
compounds is used described by the common formula: 

[0154] Me +A (0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) A „ X (OC m H 2m+1 )x, where: 

[0155] Me are metals selected from the group: Zr, Y, La and lanthanides; 

[0156] A is a valence of the given chemical element (metal); 

[0157] X may take the values 1 , 2, 3, ... A; 

[0158] the total content of the zirconium and doping elements in the mixture 
being not higher than 50g per kg; and the step of applying the mixture is performed by 
painting the mixture onto a substrate heated to a temperature not higher than 430°C in an 
inert gas atmosphere of Ar, N 2 , or C0 2 , forming a protective interface layer of not greater 
than 5 (am in thickness on the basis of the doped zirconium dioxide. 

[0159] The present invention relates to an improved method of manufacturing a 
current passage which not only produces a current passage free from the previously 
mentioned disadvantages, but also provides current passages with improved strength, 
structural, and electrical characteristics which may vary over a wide range. Additionally, the 
proposed method of manufacturing the current Passage, utilizes the initial components and 
materials similar to those used for manufacturing other HTFC components, providing support 
within the framework of uniform equipment and production processes. 

[0160] This allows significant reductions in the range of used materials, reagents, 
machining attachments and, as a result, a decrease in the power expenses for manufacturing. 

[0161] This method for manufacturing the current passage and obtaining the 
above-mentioned technical results, is dictated by the fact that in order to manufacture the 
HTFC current passage, a pyrolysis decomposition of metal-organic complexes of 
corresponding elements used in the composition of the current passage is employed. For this 
purpose a metal-organic complex of chrome, lanthanum and doping elements and a mixture 
of the carboxylates of these elements is synthesized and is characterized by the formula: 

[0162] Me +M (0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) M , 
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[0163] where Me is Cr, La, Sr, or Mg; 
[0164] M is the metal valence; 
[0165] n ranges froml to 7. 

[0166] The concentration of Cr, La, Sr, Mg in the mixture of carboxylates is 
within the range of 20 to 1 lOg per kg. 

[0167] The current passage is applied onto the prepared carrier air-electrode from 
the MLS by painting, rolling or spraying. In so doing, the electrode surface is heated up to a 
temperature sufficient for decomposing the mixture of Cr, La carboxylates and doping 
elements, and for forming a material corresponding to the La 1 . x Me x Cr0 3 compound, where 
Me is the doping element. 

[0168] In order to increase the rate of forming the current passage, an ultra- 
disperse mixture, based on a powder of doped lanthanum chromite and a mixture of liquid 
carboxylates of the same elements, is used as the material to be applied. In so doing, the 
growth rate of the current passage gas-dense film constitutes no less than 60 |im per hour on 
the surface of the carrier porous cathode, an increase of two or three times that of the 
previous. The ultra-disperse mixture is prepared by grinding the powder of doped lanthanum 
chromite into the homogenous state in a liquid medium of carboxylates of the chrome, 
lanthanum and doping additives. 

[0169] The present group of the inventions, relates to the problem of creating a 
universal method for manufacturing the solid oxide electrolyte. This method would allow the 
strength and structural characteristics of the electrolyte to vary over a wide range while 
decreasing the power expenses for caking the material. Moreover, the method according to 
the present invention allows to manufacture the solid oxide electrolyte within the framework 
of the unique technology of manufacturing a single HTFC. This method significantly 
simplifies the machining attachments for the equipment, and also reduces the range of 
materials and reagents used during manufacturing the solid oxide electrolyte. 

[0170] In the method for manufacturing the solid oxide electrolyte of the HTFC, 
consisting in a preparation of an initial metal-organic compound and comprising steps of: 
preparing water solutions of chemical element salts; extracting the individual chemical 
elements from their water solutions by organic reagents or their mixture; mixing the prepared 
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individual extracts of metals; dehydrating the extract salts with forming the formable mass; 
heating the ceramic electrode up to the predetermined temperature; applying the prepared 
metal-organic compound onto the electrode surface; and making the subsequent thermal 
treatment of tile ceramic electrode with the applied metal-organic compound; the 
metal-organic compound for manufacturing the solid oxide electrolyte is synthesized using 
the reaction: 

(1) (2) 
[0171] Me +A (0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) A + Me +A (OC m H 2m+1 ) A -» 

(3) 

[0172] Me +A (0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) X (OC m H 2m+1 ) A . x 

[0173] with forming a mixture of carboxylates of metals, or a mixture of 
alcoholates of metals, or a mixture of carboxylates ,and alcoholates of metals, where 

[0174] Me is any metal included into the functional component of the HTFC, 

[0175] A is the valence of this chemical element (metal); 

[0176] X is a coefficient determined from the inequality 0 < X < A; 

[0177] n ranges from 1 to 7; and 

[0178] m ranges from 2 to 8. 

[0179] In order to create the metal-organic compound (3), the synthesis of 
carboxylates of metals (1) is performed by a liquid and/or solid phase extraction of the 
corresponding metals (Me +A ) from the water solutions of their salts and/or suspensions of 
their carbonates, or hydroxides deposited from solutions of mineral acid salts. The synthesis 
of, for example, zirconium alcoholate (2) Zr(OC m H 2m+1 ) 4 is performed during the process of 
interacting mineral zirconium salt with alcohol and metallic calcium while boiling the 
mixture in a flask with a back-cooler until calcium dissolution. 

[0180] The metal-organic zirconium compound (3), or (2), or (1), prepared ac- 
cording to the method described above and modified, at least, by one of the elements Mg, Ca, 
Sc, Y, Ce and/or lanthanides, is applied onto the carrier cathode surface by rolling, painting, 
spraying a gas-liquid emulsion, or scanning. Scanning being the method of applying the 
prepared composition with a heated electrode onto the cathode surface at a temperature of no 
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more than 550°C. In so doing, the rate of the layer thickness growth is from 10 to 40 ^im per 
hour. 

[0181] In order to increase the growth rate of the applied electrolyte layer, a 
powder of modified zirconium dioxide with a particle size less than 1 |im and in the amount 
of 0.1 to 2.0 mass % is added into the prepared metal-organic compound composition to be 
applied, before the application step. 

[0182] The process of applying the metal-organic compound onto the heated 
surface of the ceramic electrode is performed in an inert medium. 

[0183] In order to manufacture a proton electrolyte, a mixture of carboxylates of 
metals is prepared characterized by the formula: 

[0184] BaCe a85 Gdo, 5 [0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ] 6 

[0185] where n ranges from 2 to 3; and 

[0186] the mixture is applied onto the electrode surface, previously heated up to 
the temperature no higher than 470°C, is decomposed under the temperature forming the 
proton electrolyte having the BaCeO 0 85 Gd 0 15 0 3 composition. 

[0187] The process of manufacturing the solid oxide electrolyte is finished after 
the application of the prepared metal-organic compound onto the heated electrode surface, 
and the obtained half-element is subjected to thermal treatment for an hour at temperatures of 
900° to 1250°C. 

[0188] The present group of the inventions relates to a method for manufacturing 
the cermet fuel electrode, and to providing technology for manufacturing the fuel electrode^ 
with predetermined porosity. Moreover, the technology of its manufacturing and the 
equipment used for that must be compatible with the technology and equipment used for 
manufacturing the single HTFC as a whole. 

[0189] In the known method for manufacturing the cermet fuel electrode of the 
HTFC, comprising steps of: 

[0190] forming, on the solid electrolyte being in contact with the internal air 
electrode, a cermet electrode layer consisting of the rough-disperse electron- conductive 
material chosen from the group of the metallic nickel and/or cobalt, rough-disperse 
ion-conductive material based on the doped zirconium dioxide and/or doped cerium oxide; 
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[0191] and subsequent forming, on the rough-disperse layer, a separate 
thin-disperse electron-conductive porous multi-phased layer consisting of a metallic material 
chosen from the group of the nickel and/or cobalt, and an ion-conductive doped material 
based on the cerium oxide, by means of applying and subsequent heating the mixture-paste 
consisting of the mentioned thin-disperse components and binder; 

[0192] wherein the cermet fuel electrode is manufactured by simultaneous 
forming the rough-disperse and thin-disperse components of the porous multi-phased layer 
by applying the mixture paste onto the electrolyte being in contact with the internal air 
electrode. 

[0193] and with regard to the method for manufacturing the cermet fuel electrode 
with achieving the above-mentioned technical result, the present invention holds that the 
mixture-paste is prepared by mixing the powders of rough-disperse electron-conductive 
material chosen from the group of the metallic nickel and/or cobalt, rough-disperse 
ion-conductive material, further chosen on the basis of doped zirconium dioxide and/or 
doped cerium oxide. Additionally, the thin-disperse ion-conductive material is chosen on the 
basis of the doped cerium oxide, and the liquid phase of the nickel and/or cobalt 
carboxylates, is characterized by the common formula: 

[0194] Me +m (0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) m 
[0195] where Me is the Ni and/or Co, 
[0196] m is the metal valence, 
[0197] n ranges from 1 to 7, 

[0198] which, during the process of the thermal treatment, forms the 
electron-conductive porous multi-phased layer, securing together the rough-disperse and 
thin-disperse phases forming the cermet of the fuel electrode. 

[0199] Moreover, the solid to liquid phase ratio in the prepared paste is within the 
range of 1/3 to 5/7 mass. 
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[0200] The concentration of the nickel and/or cobalt in liquid carboxylates must 
be within the range of 20 to 70g per kg for carboxylates, and the powder of the nickel and/or 
cobalt is added in a 1.1/1.0 ratio: the amount of the metal powder to electrolyte powder. 

[0201] Rough-disperse particles of the nickel and/or cobalt powder must have a 
regular spherical structure of 10 to 15 pm in diameter, and the synthesized rough-disperse 
powder of the electrolyte must have a thread-like form, the ratio of the particle length to 
particle diameter being equal, at least, to 10 when the particle diameter is of 5 to 10 pm. In 
so doing, the thin-disperse powder of doped cerium oxide contains, in its composition, 90 % 
of particles having diameter less than 1.0 pm. The step of applying the mixture-paste is 
performed by painting in an air medium at room temperature and under atmospheric pressure. 
The half-element with the applied raw mixture-paste is subjected to a thermal treatment in 
vacuum at temperatures no higher than 400°C and residual pressure no greater than 0.1 
atmosphere. 

[0202] With regard to the aspect of the electrical insulating layer, the present 
group of inventions addresses a method of manufacture an HFTC in which the maximum 
effective electrical insulation between its components, i.e. the current passage and the anode, 
the electrolyte and the fuel gas medium, is provided to prevent parasite current couplings 
between electrodes. 

[0203] In regard to the method for manufacturing the electrical insulating layer 
and achieving the above-mentioned technical result, in the method for manufacturing the 
electrical insulating layer, comprising a step of preparing the component mixture on the basis 
of magnesium spinel, a chemical compound of necessary metals having an organic reagent is 
chosen as the second component in the prepared mixture to be applied. Every separate 
compound of the metal having an organic reagent being characterized by the formula: 

[0204] Me +A [(0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ) 1 . x (OC m H 2m+1 ) x ]A ? 

[0205] where n ranges from 1 to 7, 

[0206] m ranges from 6 to 12, 

[0207] Me is the Mg, Al, Zr, Y, Ca, La and lanthanides, 
[0208] A is the metal valence, 
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[0209] x may take values from 0 to 1 depending on the method of application; for 
example, painting or spraying from the gas-drop emulsion. 

[0210] In order to manufacture the electrical insulating layer by the painting 
method, a dispersion consisting of powder material to the extent of 30% and of liquid phase 
material to the extent of 70% is used. The magnesium spinel having a composition of 
MgAl 2 0 4 with a 15 % addition of the 9YSZ powder as a powder material, and a mixture of 
Al and Mg carboxylates where the organic part of the carboxylates is presented by the 
dimethyl-butyl-acetic acid is used as a liquid phase. The weight ratio between the aluminum 
and magnesium in the carboxylate mixture is designed to create a compound corresponding 
to the magnesium spinel MgAl 2 0 4 during their calcination. The temperature of a surface to 
be electrically insulated is maintained at a level no higher than 530°C during the application 
step. 

[0211] The method for manufacturing the electrical insulating layer using the 
gas-drop emulsion application method is realized in the following manner. The 
metal-organic Al and Mg salt of the Mg[Al(Alc) 4 ] 2 composition are mixed with the Zr and Y 
carboxylates where the organic part is presented by the dimethyl-butyl-acetic acid. 
Zirconium and yttrium carboxylates are added in a sufficient amount for creating the 
yttrium-stabilized zirconium in amount of 5 to 15% in the composition of the magnesium 
spinel, after pyrolysing the mixture on the heated surface to be electrically insulated. The 
application step is carried in the form of a strip ranging from 2 to 3 mm in width. The 
temperature of the surface to be electrically insulated is maintained at 450°C during the 
application step. As a result, an electrical insulating layer of 12 to 15 |im in thickness is 
formed, having a composition corresponding to the chemical formula (MgAl 2 0 4 ) 1 . n ((ZrO 9 ) 0 91 
(Y 2 O 3 ) 0 .09)n> where n ranges from 5 to 15 mass %. 

Brief Description of the Drawings 

[0212] The group of inventions is explained by examples of embodiments with 
references to the following attached drawings: 

[0213] Fig. 1 shows the main stages and the sequence of manufacturing the MLS 
and the material for applying a current passage; 
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[0214] Fig. 2 shows the main stages and the sequence of manufacturing the 
materials for applying the electrolyte and the cermet anode; 

[0215] Fig. 3 shows the main stages of manufacturing the HTFC; 

[0216] Fig. 4 shows the thermoanalytical curves for the zirconium acetylacetonate 
(1), zirconium dimethyl-butyl-acetate (2), and zirconium butylate (3); 

[0217] Fig. 5 shows the thermoanalytical curves for the Zr(OBu) 4 (1), 
Zr(OBu) 3 (2MeBuAc) 4 (2), Zr(OBu) 2 (2MeBuAc) 2 (3), Zr(2MeBuAC) 4 (4); 

[0218] Fig. 6 shows the MLS cathode surface under various magnification 
degrees; 

[0219] Fig. 7 shows a plant for applying the electrolyte onto the tubular electrode; 
[0220] Fig. 8 shows the diagram characterizing the granulomere composition of 
the YSZ powder; 

[0221] Fig. 9 shows the YSZ electrolyte layer over the porous cathode; 
[0222] Fig. 10 shows a view of powder (CeO 2 ) 0 . 8 5(Sm 2 O 3 ) ai 5 under the 28.000 
power; and 

[0223] Fig. 11 shows a fuel electrode, where a) is a photo of the thread-like YSZ 
powder, b) is a structure of the cermet anode, and c) is a photo of spherical particles of nickel 
powder. 

Detailed Description of the Preferred Embodiment 
[0224] Figs. 1, 2, and 3 show a principal technological sequence of processes for 
manufacturing the HTFC. As it was mentioned above, carboxylates of individual metals or 
mixtures of carboxylates of individual metals are taken as a universal material being a carrier 
of metals, which after thermal treatment, form the materials of the electrodes, interface layer, 
current passage, electrolyte, electrical insulating layer, diffusion barrier etc., the carboxylates' 
common formula being: [CH 3 - (CH 2 ) n - C(CH 3 ) 2 - COO] m Me +m , where m is the metal 
valence. 

[0225] Metal carboxylates are mixed in such a way that the concentration ratios of 
these metals in the mixtures correspond to pre-determined ones, i.e., to those necessary in the 
electrolytes, electrodes, electrical insulating and interface layers etc. to be formed. 
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[0226] Then, the prepared carboxylate mixtures are used in different variations, 
depending on the problem being particularly solved, for example, manufacturing the 
particular components of the HTFC. 

[0227] When manufacturing the carrier electrodes, the carboxylates are used as a 
binder, plasticizer and pore-forming agent simultaneously. In so doing, in order to produce 
the binder, the carboxylate mixtures are concentrated up to the possibly maximum value for 
given carboxylates. Then, the powder is created on the basis of this binder, and an article 
(the carrier cathode, carrier anode, stack elements etc.) is formed by compacting from the 
press-powder. 

[0228] To manufacture the carrier cathode from MLS, a powder of the 
La^ 7 Sr 0 3 Mn0 3 composition is prepared. When producing the binder, a mixture of carbonic 
acids is taken: the dimethyl-propyl-acetic, dimethyl-butyl-acetic, dimethyl-amyl-acetic, 
dimethyl-hexyl-acetic, and dimethyl-lauryl-acetic acids. 

[0229] The carboxylates of individual metals: La, Mn, Sr are obtained by 
extraction of the mixture from these acids. After mixing, the carboxylate mixture is 
concentrated in vacuum at the necessary residual pressure and corresponding temperature, up 
to the maximum total concentration of metals in the mixture. The concentrated mixture is 
mixed with the Lao 7 Sr 03 MnO 3 powder in a screw mixer in the presence of terpene. Then the 
terpene is distilled off in vacuum. The cathodes are manufactured by the method of 
hydrostatic compacting and are caked in the air. Some results of caking at various 
temperatures are presented in the table 2. For further production of elements, the cathodes 
with open porosity of about 36.6 % and pore diameter from 2 to 3 jam are selected (Fig. 6). 

[0230] Then, the interface layer is applied onto the cathode surface, the interface 
layer being a gas-dense film of the following composition: 

[0231] La 1 . x Me x Cr0 3 , where Me is the doping element selected from the series of 
Mg, Ca, Sr, and Ba. For this purpose, the carboxylates of individual metals are prepared, and 
then mixed corresponding to a proportion necessary to form the La loc Me x Cr0 3 composition 
during their pyrolysis, and subsequently applied onto the previously heated surface of the 
carrier cathode by painting, spraying the gas emulsion, or rolling. A total concentration of 
metals in the carboxylates (converting to oxides) is not higher than 30g per kg. The layer 



-34- 



being formed being no thicker than 0.6 |im, and during application, the temperature of the 
previously heated surface being no more than 530°C. 

[0232] A strontium lanthanum chromite current passage is applied onto a 
prepared cathode having an interface layer. In order to manufacture the current passage, an 
ultra-disperse powder of Lao 7 Sr 03 Mn0 3 is added to a mixture of the Cr, La and Sr 
carboxylates with a concentration not higher than 1 lOg per kg (by the sum of oxides formed 
during the calcination) and mixed actively. In so doing, the ratio between the powder solid 
phase and the carboxylates liquid phase is in the range of 1/100 to 5/100 parts by weight. 
The prepared ultra-disperse mixture is applied onto the surface of the carrier cathode, which 
has been previously heated to a temperature sufficient for forming a film of the doped 
lanthanum chromite from the metal-organic complex. Practically, the temperature of the film 
forming does not exceed 530°C. The step of applying the current passage onto the cathode 
surface may be performed by painting it in a nitrogen flow at atmospheric pressure, or by 
spraying the ultra-disperse suspension in an inert medium. The growth rate of the gas-dense 
film of the current passage on the surface of the carrier porous cathode should be no less than 
20 to 60 |im per hour. 

[0233] Subsequently, an electrolyte is applied onto the cathode having the 
interface layer and current passage. For this purpose the required metals' carboxylates, 
alcoholates, or their mixtures are used as raw organic materials. A choice of one or another 
composition or mixture (of carboxylates/alcoholates) depends on chemical features of the 
metals in the mixture composition. 

[0234] In order to manufacture a layer of electrolyte being a thin (from 5 to 10 
Urn) gas-dense film of the (Ce0 2 ) 0 85 (Sm 2 03)o. 15 or (CeO 2 ) 0 8 (Gd 2 O 3 ) 0 15 composition, a mixture 
of Ce/Sm or Ce/Gd carboxylates is used; where an organic portion of the carboxylates is 
represented by the dimethyl-butyl-acetic acid with the main substance's content of 97%. A 
step of applying is performed at a temperature not higher than 380°C by painting, rolling or 
spraying. 

[0235] As it was mentioned above, in order to protect the electrolyte from 
restoration by anode gases reacting with the basis of doped cerium, a layer of electrolyte is 
produced on the basis of doped zirconium dioxide. 
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[0236] The dimethyl-butyl-acetic acid and the butanol are used as raw organic 
reagents for producing a material which allows the application of the thin-film oxide 
electrolyte onto the basis of the 9YSZ. The carboxylates of Zr and Y metals are produced by 
a liquid extraction technique, and the zirconium butylate is produced by the technique of 
interacting zirconium sulfate with butanol and metallic calcium. The yttrium is added to the 
prepared mixture in the form of the Y(2MeBuAc) 3 carboxylate. The electrolyte thickness 
ranges from 3 to 5 urn. 

[0237] In order to manufacture the second electrode (anode) on the element, a 
mixture-paste is prepared on the basis of ion-conductive material (doped zirconium dioxide 
and/or doped cerium oxide), electron-conductive material (metallic powdered nickel and/or 
cobalt), and metal carboxylates (nickel and/or cobalt) is used. In order to produce Ni/Co 
carboxylates, a mixture of carbonic acids may be used having the common formula H0 2 C - C 
(CH 3 ) 2 - (CH 2 ) n - CH 3 , where n may vary from 1 to 8. The Ni/Co concentration in the 
carboxylates is no less than 70g per kg (by the sum of metal oxides during calcination). In 
the mixture-paste content, the ratio of all solid components to liquid ones is within the range 
of 1/3 to 5/7 by mass. The step of applying the anode onto the heated surface is performed 
by painting. The surface temperature is no higher than 380° C. 

[0238] The electrical insulating layer between the current passage and the anode, 
on the electrolyte surface, is manufactured as the last component in the HTFC. This is 
necessary due to the need to prevent parasitic current coupling between the electrodes thereby 
eliminating a «(triple point (fuel gas/electrolyte/cathode) effect» in locations of the current 
passage output. 

[0239] In order to manufacture the electrical insulating layer, a dispersion 
comprising 30% of the powder material, and 70% of the liquid phase is used. The 
magnesium spinel of the MgAl 2 0 4 composition with a 15% addition of the 9YSZ powder is 
used as the powder material, and a mixture of the carboxylates of the aluminum and Mg is 
used as the liquid phase material, where the organic component of the carboxylates is 
represented by the dimethyl-butyl-acetic acid. The weight ratio between the aluminum and 
magnesium in the mixture of the carboxylates during their calcination is designed to form a 
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substance corresponding to the magnesium MgAl 2 0 4 spinel. The dispersion is applied by 
painting onto the surface to be insulated, the surface being heated not higher than 530°C. 

[0240] Thus, manufacturing all the HTFC components is performed in one 
location (Fig. 7) using a single physical/chemical process and a single class of organic 
reagents: the dimethyl-carbonic acids. The final stage in manufacturing the HTFC is the step 
of caking at a temperature not higher than 1280°C for an hour. 

Preferred embodiment of the invention for manufacturing the cathode 
[0241] In the given example, manufacturing of the HTFC starts with the step of 
manufacturing the carrier ceramic cathode. For this purpose, an electrode material powder is 
synthesized by a joint precipitation of carbonates from their nitrate solutions and, 
subsequently, their caking. A formable mass is then prepared with an organic binding 
component containing Mn, La or Co, La or Cr, La or Ni, La, doped by elements of the 
alkaline-earth element group. Then, the cathode is formed from a press-mass by isostatic 
compacting, and is subjected to caking. 

[0242] Thus prepared, the ceramic cathode is the carrier element of the whole 
HTFC construction. 

[0243] The claimed method solves the problem of manufacturing the carrier 
ceramic cathode with predetermined structure and strength, having a significant decrease in 
thermal-treatment temperature, and with low values (from 0.5 to 3 %) of shrinkage 
coefficients while caking. 

[0244] The advantages achieved in carrying out the claimed method for 
manufacturing the cathode are realized by using a specially created material for 
manufacturing the cathode. The material in the formable mass functions as a plasticizer, a 
binder and a pore-forming agent simultaneously. As it was mentioned above, this allows an 
article with predetermined structural characteristics (not provided by the known technology), 
and with significantly low caking temperatures and shrinkage ratios to be obtained. 

[0245] As a result, the proposed invention provides a shorter range of raw 
materials, a uniform technological approach for obtaining the required components with 
lower power consumption and higher output due to the fitness of production. 
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[0246] The method is realized as follows: 

[0247] The powder of LaxSr^MnC^ composition, where 0.6 < X < 1.0, is 
prepared, for example, by joint precipitation of La, Sr, Mn carbonates from their nitrate 
solutions with the subsequent filtration of the sediment, dehydration, thermal treatment 
providing a synthesis of a substance, and subsequent grinding. 

[0248] At the same time a binder representing the mixture of La, Sr, Mn 
carboxylates is prepared, for example, by the liquid extraction method. A concentration of 
metals in the mixture ranges from 150 to 360g per kg. After this, a formable mass is 
prepared by mixing the prepared electrode powder with the binder, where the binder is of 3 to 
15% by mass. The prepared mass is then formed, and the obtained cathode blank of 
necessary shape is subjected to caking. 

[0249] The cathode manufactured according to the present invention completely 
satisfies all technical features presented in particular examples which realize the present 
invention. 

Example 1 

[0250] The powder of the La^Sr^MnC^ composition was produced by the 
technique of joint precipitation of La, Sr, Mn carbonates from the nitrate solutions of these 
metals, filtration of the obtained sediment, dehydration and caking at the temperature of 
1380°C for an hour. The obtained rough cake was de-aggregated in a mill to obtain the 
predetermined grain size of the aggregates. X-ray phase analysis of the obtained powder has 
proven the formation of a single-phase product of the perovskite structure. 

[0251] The carboxylates of individual metals were prepared by extracting the 
corresponding metal by the mixture of carbonic acids. In manufacturing the carboxylates, a 
commercially available mixture of carbonic acids was used for the binder, the mixture being 
of the following composition: 

[0252] Dimethyl-propyl-acetic acid C 7 H I4 0 2 36% by weight, 
[0253] Dimethyl-butyl-acetic acid C 8 H 16 0 2 3 1 % by weight, 
[0254] Dimethyl-amyl-acetic acid C 9 H 18 0 2 15% by weight, 
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[0255] Dimethyl-hexyl-acetic acid C 10 H 20 O 2 7% by weight, 
[0256] Dimethyl-lauryl-acetic acid C 12 H 24 0 2 2% by weight. 
[0257] Some concentrations of metals are presented in the Table 1. 



Table 1 



Element 


Mg 


Al 


Cr 


Mn 


Co 


Ni 


Sr 


Y 


Zr 


La 


Ce 


Sm 


Gd 


Cone, 
g per kg 


23 


34 


47 


50 


56 


58 


74 


75 


100 


110 


25 


150 


160 



[0258] The obtained individual extracts were mixed in a required proportion. In 
the given example, the mixture of La, Sr, Mn carboxylates corresponding to the 
Lao 7 Sr 0 3 MnO 3 composition and to the total metal concentration of 210g per kg was used. 

[0259] The La 07 Sr 03 MnO 3 powder was mixed with the solution of the 
carboxylates in the mass proportion 93:7. The indicated mixture was prepared in a screw 
mixer for one hour. The obtained mixture was used to obtain the air electrodes, having a 
tubular form, by a hydrostatic compacting technique. Then, the tubes were caked in air at 
various temperatures. The results are presented in Table 2. 
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Table 2 



N2of 


Caking T, 


Caking 


Porosity, % 


Mean pore 


Bending 


sample 


°C 


time, hours 




diameter, 


strength, kg 










um 


per sq. cm 


1 


1300 


1 


37.0 


4.2 


42.0 


2 


1350 


1 


32.3 


2.0 


63.7 


3 


1380 


1 


29.4 


1.9 


69.4 


4 


1420 


1 


27.6 


1.7 


70.2 



Example 2 

[0260] A mixture of 7 Sr 0 3 Mn0 3 powder and the solution of La, Sr, Mn 
carboxylates were prepared as described in the Example 1 . The obtained mixture was heated, 
in air, to a temperature of 650°C for 45 minutes. The obtained powder was deaggregated, in 
order to destroy any unstable aggregates formed after thermal treatment. Further steps of 
manufacturing the tubular cathodes are similar to those indicated in the Example 1. The tube 
caking temperature was 1380°C. The results of changing the strength of the articles are 
presented in Table 3. 

Table 3 



N £ of preliminary 


Porosity, 


Bending strength 


treatment cycles 


% 


kg per sq. cm 


1 


29.0 


72.0 


2 


28.6 


75.8 


3 


27.9 


76.4 


4 


27.3 


77.0 


5 


27.1 


77.0 



Example 3 

[0261] The powder of the Lao 7 Sr 0 3 Mn0 3 composition used in examples 1 and 2 
was mixed with a mixture of carboxylates containing Co, La, and Sr in proportions 
corresponding to the Lao 6 Sr 04 Co0 3 composition. The indicated carboxylates were obtained 
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by extracting the corresponding metals. The total concentration of metals was 29 Ig per kg. 
The tube manufacture was performed as indicated in example 1. The results of caking the 
tubes at various temperatures are presented in Table 4. 

Table 4 



N e of sample 


Caking Parameters 


Porosity % 


Bending 
strength, kg per 
sq. cm 


T,°C 


Time, Hour 


1 


1200 


1 


39.0 


55.0 


2 


1250 


1 


37.5 


57.0 


3 


1300 


1 


32.2 


70.0 


4 


1350 


1 


30.0 


74.0 



Preferred embodiment of the invention for manufacturing 
the interface layer 

Example 4 

[0262] In order to manufacture the interface layer, a CLS film of 0.3 to 0.6 \im in 
thickness is applied onto the carrier porous cathode from the MLS manufactured as described 
in the example 1. The step of applying is performed by painting the cathode surface, heated 
up to 530°C, with the mixture of Cr, La, Sr carboxylates in the air atmosphere. The total 
concentration of Cr, La, Sr in the mixture of the carboxylates (converting to oxides) was 30g 
per kg. The organic component of the carboxylates is represented by the mixture of the 
following composition: 



[0263] 


Dimethyl-propyl-acetic acid 


C 7 H 14 0 2 


36 % by weight, 


[0264] 


Dimethyl-butyl-acetic acid 


C 8 H 16 0 2 


31 % by weight, 


[0265] 


Dimethyl-amyl-acetic acid 


C 9 H 18 0 2 


15 % by weight, 


[0266] 


Dimethyl-hexyl-acetic acid 


CioH 20 0 2 


7 % by weight, 


[0267] 


Dimethyl-lauryl-acetic acid 


C 12 H 24 0 2 


2 % by weight. 



-41- 



[0268] The proportion of Cr, La, and Sr oxides after decomposing the mixture of 
carboxylates on the heated cathode surface, corresponds to the L^ 7 Sr 0 3 Mn0 3 material. After 
several (from 30 to 50) painting cycles, the film thickness reaches from 0.5 to 0.7 urn. 

Example 5 

[0269] Further, the temperature for heating the cathode having the applied CLS 
layer is decreased to 380°C, and a layer of the (CeO^o.^GdA^u is applied onto the 
cathode surface in a nitrogen atmosphere from the mixture of Ce and Gd carboxylates, where 
the organic component of the carboxylates is represented by dimethyl-butyl-acetic acid of 
97% by weight. The sum of concentrations of the Ce and Gd in the carboxylates' mixture 
(converting to oxides) is 55g per kg. After several (from 80 to 100) painting cycles, a 
(CeO 2 ) 0 . 8 5(Gd 2 O 3 ) 0 15 film of 5 to 10 urn in thickness is formed over the CLS film. 

Example 6 

[0270] Further, the temperature for heating the cathode having applied CLS and 
(CeO 2 ) 0 .8 5 (Gd 2 O 3 ) 0 . )5 layers is increased to 410°C, and the step of forming the 9YSZ layer is 
performed in a nitrogen atmosphere. The step of applying the 9YSZ layer is performed with 
the metal-organic Zr(OBu) 2 (2MeBuAc) 2 - Y(2MeBuAc) 3 compound mixture with a Zr and Y 
concentration (converting to the oxide sum) of 30 to 50g per kg. After several (from 60 to 
80) painting cycles, the 9YSZ layer of 3 to 5 urn in thickness is formed. 

Preferable embodiment of the invention for manufacturing 
the current passage 

[0271] The method is realized as follows: the carboxylates of individual metals 
are prepared, then the individual metal carboxylates are mixed according to the proportion 
necessary for forming the La,. x Me x Cr0 3 composition during their pyrolysis, where Me is a 
doping element. After this, an ultra-disperse mixture from a synthesized separately-prepared 
powder of the electron-conductive material Lai. x Me x Cr0 3 and a mixture of the carboxylate is 
prepared with the ratio between the solid phase of the powder and the liquid phase of the 
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carboxylates being within the range of 1/100 to 5/100. The prepared ultra-disperse mixture is 
applied onto the carrier cathode surface, which has been previously heated to a temperature 
sufficient to form a film of doped lanthanum chromite from the metal-organic complex. 
Practically, the temperature for forming the mentioned film does not exceed 530°C. The step 
of applying the current passage onto the carrier cathode surface may be performed by 
painting in a nitrogen flow at atmospheric pressure, or by spraying an ultra-disperse 
suspension in an inert medium. In so doing, the rate of growth of the current passage 
gas-dense film on the carrier cathode surface is from 20 to 60 urn per hour. 

Example 7 

[0272] A mixture of Cr, La, Sr carboxylates is prepared similar to its preparation 
in example 1 using the same organic reagents. The initial compositions of individual 
components by metal content is presented in Table 1 . 

[0273] When calcinating the mixture, a strontium lanthanum chromite compound 
of the La 0 8 Sr 0 3 MnO 3 composition is formed. The mixture is applied onto the porous surface 
of the carrier cathode made in the form of a tube, the surface being heated to 530°C in a 
nitrogen flow. A gas-dense track of the current passage, 3 min in width, is formed on the 
tube surface. The rate of growth of the current passage film is from 25 to 30 ^m per hour. 

Example 8 

[0274] Contrary to example 4, the 1^ 8 Sr 0 3 Mn0 3 powder, in which 90% of the 
particles have a diameter less than 1 micron, is added into the mixture of Cr, La, and Sr 
carboxylates. The amount of the added powder is 1% by mass to the mass of carboxylates. 
Then, the prepared mixture is applied onto the surface of a carrier cathode, as indicated in 
example 4; the increasing growth rate being 60 \im per hour. 

Preferable embodiment of the invention for manufacturing the electrolyte 
[0275] In order to manufacture the thin-film electrolyte from the initial mixtures 
of carboxylates (Zr/Y), a mixture of the following type is prepared: 

[0276] M A (OC m H 2m+1 ) x (0 2 C n H 2n+1 ) Y + M B (OC m H 2m+1 ) a (0 2 C n H 2n+1 ) P 
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[0277] where M A is a metal with the valence A, 
[0278] M B is a metal with the valence B, 
[0279] m ranges from 2 to 8, 
[0280] n ranges from 6 to 12, 
[0281] X + Y = A, and 
[0282] a + P = B 

[0283] Further, the prepared mixture of compounds is applied onto the heated 
substrate by spraying, painting or other methods in an inert atmosphere (N 2 , Ar, C0 2 ). The 
temperature for heating the substrate depends on particular elements of metals in the initial 
mixture composition. In the photo of Fig. 7, an apparatus for applying the thin oxide films 
by painting is shown at the moment of manufacturing the electrolyte. 

Example 9 

[0284] The dimethyl-butyl-acetic acid and the butanol are used as raw organic 
reagents for manufacturing a material allowing to apply thin-film oxide electrolyte on the 
basis of the 10YSZ. The carboxylates of Zr and Y metals are produced by a liquid extracting 
technique, and the zirconium butylate is produced by a technique of interacting the zirconile 
sulfate with the butanol and calcium oxide. The metal concentrations are presented in Table 
1. 

[0285] The initial compound used for application is obtained through the reaction: 
[0286] Zr(OBu) 4 + Zr(2MeBuAc) 4 -» 2Zr(OBu) 2 (2MeBuAc) 2 

[0287] The yttrium is added to the manufactured mixture in the form of the. 
Y(2MeBuAc) 3 carboxylate. The mixture forms, when calcinating, a compound of the cubic 
structure which composition is shown in Table 5, row 1 . 

[0288] The thus produced material is applied onto the tube surface of the 
strontium lanthanum manganite cathode. The temperature of the tube surface is maintained 
at a level of 530°C. The reaction is performed in a nitrogen flow. As a result, a gas-dense 
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film of the solid electrolyte of the 91Zr0 2 9Y 2 0 3 composition (molar % are indicated) is 
formed on the surface of strontium lanthanum manganite cathode. The film thickness 
depends on the number of passages of a carriage having a carboxylate dosing device. The 
rate of the thickness growth of the electrolyte film is about 25 \im per hour. After the step of 
applying the electrolyte, the tube is subjected to thermal treatment at a temperature of 
1100°C. The cubic structure of the applied material of the film electrolyte is proved by 
measurements on an X-ray diffractometer. The electrochemical measurements show that the 
number of oxygen ions' transfers in the manufactured electrolyte is practically equal to 1. 

Example 10 

[0289] One modification of the method for manufacturing the film electrolyte in 
accordance with example 6 consists of the following: a powder of the stabilized zirconium 
dioxide is added into the material to be applied onto the surface of the cathode tube, the 
powder having a composition presented in Table 5 (row 1) in the amount of 1.5% by mass. 
Fig. 8 shows a fractional composition of the powder to be added, in which 96% of its 
particles have a diameter less than 2 ^im. The technology of applying the electrolyte is 
similar to the one used in the example 6, but the rate of the thickness growth of the 
electrolyte layer increases and is approximately 30 to 40 ^im per hour. An electrolyte layer 
fragment of 30.7 \im in thickness, on a porous cathode, is shown in the photo of Fig. 9. 

Example 11 

[0290] Manufacturing the Ba-Ce-Gd electrolyte on the porous electrode. 

[0291] A mixture of the carboxylates with the Ba, Ce and Gd composition 
corresponding to Table 5, row 3, is prepared similar to the previous examples. The mixture 
of the carboxylates in the form of a gas-drop emulsion is sprayed onto a porous plate, 
strontium lanthanum chromite substrate, which is maintained at 380°C. During the 
carboxylate decomposition, the gas-dense film of the electrolyte having proton conductivity 
is formed. The rate of film thickness growth is 20 \im per hour. 

Preferred method for manufacturing the cermet fuel electrode 
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[0292] To obtain the above mentioned technical result in manufacturing the 
cermet fuel electrode current methods of manufacturing the cermet fuel electrode are altered. 
The known method for manufacturing the cermet fuel electrode of the high-temperature fuel 
cell, comprising a step of forming an electrode cermet layer on the solid electrolyte in contact 
with the internal air electrode, and consisting of a rough-disperse electron-conductive 
material selected from the group of the metallic nickel and/or cobalt, is changed to add a 
rough-disperse ion-conductive material, formed on the basis of doped zirconium dioxide 
and/or doped cerium oxide; and the subsequent forming of a separate thin-disperse 
electron-conductive porous multi-phased layer on the rough-disperse layer, consisting of a 
metallic material selected from the group of the nickel and/or cobalt and ion-conductive 
doped material on the basis of the cerium oxide. The forming is accomplished by application 
and subsequent heating of a mixture-paste consisting of the above-mentioned thin-disperse 
components and a binder; wherein the cermet fuel electrode is manufactured by simultaneous 
forming of the rough- and thin-disperse components of the porous multi-phased layer by 
application of the mixture-paste onto the electrolyte which is in contact with the internal air 
electrode. 

Example 12 

[0293] In order to manufacture the cermet fuel electrode, a mixture is prepared of 
carboxylates Ni[0 2 C - C(CH 3 ) 2 - (CH 2 ) n - CH 3 ] 2 (where the Ni concentration is 60g per kg) 
with a powder of the electrolyte (Zr0 2 )o. 91 (Y 2 0 3 )o.o9 (Table 5, row 1) in a 1 to 3 ratio of 
solid-to-liquid phases. A nickel powder with the proportion T YSZ / T N = 1/1.1 is added to this 
mixture, and the resultant subjected to processing in a planetary mill. The mixture is applied 
onto the electrolyte surface by painting. Then, the element is placed in a vacuum chamber 
and is treated at 350°C and residual pressure of 10 mmHg for three hours. During this, the 
nickel carboxylate being in the mixture composition decomposes with forming the metallic 
nickel which binds the particles of the electrolyte powder and previously mixed nickel 
powder into the single conductive framework. Then the finished element is thermally treated 
in a furnace at 1100°C. 
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Example 13 

[0294] In order to manufacture the highly porous cermet anode on which partial 
fuel reforming is possible, a mixture-paste is prepared by mixing the powders of the nickel, 
having particles of regular spherical shape (Fig. 11a), doped zirconium dioxide having 
particles of a fibrous structure (Fig. lib), and a thin-disperse powder of the doped cerium 
oxide (Fig. 10) with the liquid phase of the dimethyl-butyl-acetic cobalt - Co[0 2 C - C(CH 3 ) 2 
- (CH 2 ) 3 - CH 3 ] 3 . This mixture-paste, during the process of thermal treatment, forms an 
electron-conductive porous multi-phased layer binding the rough- and thin-disperse phases, 
thus forming the cermet of the fuel electrode. 

[0295] The cobalt concentration in the carboxylate liquid phase is 56g per kg. 
The weight ratio between the metallic nickel powder and the total amount of ion-conductive 
powders is 1.1/1.0. The ratio between solid and liquid phases contained in the produced 
paste is within the range of 1/3 to 5/7 mass. Rough-disperse particles of the nickel powder 
have a diameter ranging from 10 to 15 |im, while the rough-disperse powder of the YSZ 
electrolyte has a thread-like shape, where the ratio between the particle length and diameter is 
no less than 10, with a diameter of threads ranging from 5 to 10 \im. 

[0296] 90% of the particles in the thin-disperse powder of doped cerium oxide 
have a diameter less than 1 .0 (im. 

[0297] The step of applying the mixture-paste is performed by painting in an air 
medium at room temperature and atmospheric pressure. A half-element with the applied wet 
mixture-paste is subjected to a thermal treatment in vacuum at 350°C and residual pressure of 
lOmmHg. 

Preferred embodiment of the invention for manufacturing 
the electrical insulating layer 
[0298] An electrical insulating layer between the current passage and the anode, 
on the electrolyte surface, is the last component manufactured in the HTFC. Its necessity, as 
it was mentioned above, is to prevent parasitic current coupling between electrodes and to 
eliminate a « triple point (fuel gas / electrolyte / cathode) effect » in locations of the 
current passage output. 
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[0299] Depending on planar or tubular HTFC construction, conditions and 
techniques for applying the electrical insulating layer differ. For planar construction, a 
technique of applying the gas-drop emulsion by masking the adjoining areas is more suitable, 
while for tubular construction, a method of painting is more suitable. For these applications, 
preparations of the raw materials for applying the electrical insulating layer are different, 
however, they result in obtaining an electrically insulating covering of the same chemical 
composition having the same functional properties. 

Example 14 

[0300] In order to manufacture the electrically insulating layer by painting, a 
dispersion comprising 30% powder material and 70% liquid phase is used. The magnesium 
spinel of the MgAl 2 0 4 composition with a 15% addition of the 9YSZ powder is used as the 
powder material, and a mixture of the Al and Mg carboxylates is used as the liquid phase, 
where the organic part of the carboxylates is represented by dimethyl-butyl-acetic acid. The 
weight ratio between the aluminum and magnesium in the mixture of the carboxylates is 
designed to form, during their calcination, a substance corresponding to the MgAl 2 0 4 
magnesium spinel. The content of the Mg and Al in the carboxylates is presented in Table 1. 
The dispersion is applied onto the surface being insulated and heated during painting, to no 
more than 530° C. 



Table 5 



N 2 


Name of material 


Chemical composition 
molar % 


1 


Electrolyte with ion oxygen 
conductivity 


(ZrO 2 ) 0 .9 1 ( Y 2 O 3 ) 0 09 


2 


Electrolyte with ion oxygen 
conductivity 


(Ce0 2 ) 085 (Sm 2 0 3 )o. 15 


3 


Electrolyte with proton 
conductivity 


BaCe 085 Gd 015 O 3 


4 


Strontium lanthanum manganite 
with electron conductivity 


Lao 7 Sr 0 3 Mn0 3 


5 


Strontium lanthanum cobalite 


Lao >6 Sr 04 Co0 3 
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with mixed conductivity 




6 


Strontium lanthanum chromite 
with electron conductivity 


L&q -^Sfq jCr03 


7 


Electrical insulating material 
(magnesium spinel with 
additions) 


(MgAl 2 0 4 ),-n* 

*((ZrO 2 ) 0 . 91 (Y 2 O 3 ) 0 . 09 ) n 



Example 15 

[0301] The method for manufacturing the electrical insulating layer by applying 
from the gas-drop emulsion is realized as follows: A metal-organic salt of Al and Mg having 
Mg[Al(Alc) 4 ] 2 composition is mixed with the Zr and Y carboxylates, where the organic 
component is represented by dimethyl-butyl-acetic acid. The zirconium and yttrium 
carboxylates are added in amount sufficient to form the 5 - 15% yttrium-stabilized zirconium 
in the composition of the magnesium spinel following the pyrolysis of the mixture on the 
heated surface to be electrically insulated. The application step is carried out in the form of a 
strip of 2 to 3 mm in width. The temperature of the surface to be electrically insulated is 
maintained at 450°C. As a result, an electrically insulating layer of 12 to 15 ^im in thickness, 
and having a composition corresponding to the chemical formula (MgA^O^ 
n ((ZrO 2 ) 0 . 91 (Y 2 O 3 ) 0 . 09 ) n where n ranges from 5 to 15 % by mass, is formed. 

Industrial applicability 

[0302] The method for manufacturing the single HTFC and its components, i.e. 
the cathode, electrolyte, anode, current passage, interface layer, and the insulating layer, may 
be widely used in the technology of manufacturing single HTFCs and their components. 

[0303] This group of inventions offers a combined approach to the manufacture 
of the HTFC, and its components, in the form of a single technological process; utilizing a 
substantially smaller list of materials, substances and reagents. Uniform chemical 
compounds of metals with organic components of the same class being prepared according to 
the present group of inventions are used for manufacturing all HTFC components, which 
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allows for the use of substantially one apparatus for forming all components, within limits of 
the single technological process. 

[0304] As a result, the cost of a single HTFC and hence of the article as a whole 
decreases significantly. 
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